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Why some individuals resist infection or
recover quickly, whereas others experi-
ence severe disease associated with infec-
tion, is a fundamental question that med-
icine has struggled to answer. Pathogens
and host immune factors have been ex-
tensively investigated for many infectious
diseases, to address these questions. How-
ever, limited information is available con-
cerning the influence of host genetics on
the response to viral infections. Genetic
determinants have the potential to play a
role at numerous points during the course
of viral infection, including viral attach-
ment and entry, replication, disease pro-
gression and development of severity,
and, finally, transmission. In this issue of
the Journal, Albright et al. [1] propose
that the severity of influenza illness may
have a heritable component. To investi-
gate this hypothesis, the authors used as a
resource the Utah Population Data Base,
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which contains data from founding fam-
ilies and their descendants, comprised
primarily of members of the Church of
Jesus Christ of Latter-Day Saints (i.e.,
Mormons), thus representing a relatively
ethnically homogeneous population.

Albrightet al. [1] estimated the relative
risk (RR) of death for relatives of 4855 in-
dividuals (spanning =3 generations) who
died of influenza. A substantial propor-
tion of deaths occurred during the 1918
influenza pandemic, when a total of 1937
deaths were documented between 1918
and 1921, and 1293 additional deaths oc-
curred between 1922-1932, followed by a
dramatic decrease in the number of
deaths occurring annually.

The RR of death for first-degree rela-
tives was 1.54 (P < .0001). The RR was
higher for spouses (1.98) and for second-
and third-degree relatives (1.22 and 1.16,
respectively). The timing of the deaths of
third-degree relatives suggests that the
deaths were not the result of a common
exposure. To control for shared environ-
ment, the RR of death for spouses’ rela-
tives was compared and was found to be
lower for first-, second-, and third-degree
relatives.

Excess relatedness among individuals
dying of influenza was estimated using
the Geneological Index of Familiality,
which demonstrated that relatedness
among these individuals, including indi-
viduals who died during the 1918 pan-
greater than expected
(P <.001). The analysis was repeated
with close relatives excluded (to control

demic, was

for shared environment), and the results
were consistent with previous findings.
Consistent results were not observed
when the same analysis was repeated for
individuals with diphtheria-associated
deaths. For such individuals, excess relat-
edness was demonstrated; however, when
close relationships were excluded, no ex-
cess relatedness was detected.

Specific genes responsible for the host
immune response have been invoked as
major determinants of the clinical course
of HIV-associated disease and hepatitis B
and C virus infections [2, 3]. However,
there is very little information with re-
spect to genetic determinants as they re-
late to severe influenza. Over the past de-
cade, a greater understanding of the
immune evasion strategies of influenza
virus has developed. This knowledge can
be used to propose several candidate
genes that may be responsible for severe
illness. Clinical and animal studies indi-
cate that cytokine dysregulation is associ-
ated with acute respiratory distress syn-
drome and death among hosts infected
with avian influenza virus (H5N1) [4—6].

Toll-like receptors (TLRs), particularly
TLR3 (which recognizes double-stranded
RNA) and TLR7 and TLRS8 (which recog-
nize single-stranded RNA), are central to
antiviral innate immunity [7]. Single-
nucleotide polymorphisms in TLR genes
are not uncommon and vary among pop-
ulations [8]. TLR4 has been implicated in
the innate immune response to respira-
tory syncytial virus (RSV) infection, and
polymorphisms in the TLR4 gene have

EDITORIAL COMMENTARY ¢ JID 2008:197 (1 January) * 1



been associated with severe bronchiolitis
in RSV-infected infants, although the sig-
nificance of the Asp299Gly polymor-
phism appears to be a matter of ongoing
debate [9-12]. A missense mutation in
the TLR3 gene (F303S) conferring loss of
function in in vitro assays has been iden-
tified in a Japanese child with influenza-
associated encephalopathy [13]. Interest-
ingly, better survival rates have been
demonstrated for TLR3 knockout mice
than for wild-type mice, despite the TLR3
knockout mice having higher lung virus
titers after influenza virus infection [14].
TLR genes (in particular, TLR3) would
therefore be worthy candidate genes to
investigate. In addition, RNA helicases,
such as retinoic acid inducible gene I
(RIG-I), recognize double-stranded RNA
and, thus, contribute to the antiviral state
of an infected cell [7]. Inhibition of RIG-1
by nonstructural protein 1 (NS1) of influ-
enza virus antagonizes interferon (IFN)
production and is a means by which the
virus evades the host immune system
[15]. Therefore, the RIG-I gene should
also be considered to be a candidate for
attempts to elucidate aberrations in the
immune system that may lead to severe
influenza illness.

Other host gene products involved in
IFN production and induction antago-
nized by the influenza virus NS1 are wor-
thy of consideration [16]. Changes in
genes involved in other aspects of immu-
nity, such as the complement system,
have also been associated with recurrent
viral upper respiratory tract infections,
and they should not be overlooked [17].
Mannose-binding lectins are part of the in-
nate immune system, binding pathogen-
associated carbohydrates and activating the
complement system through the classical
pathway. Mutations within the MBL gene
have been associated with severe acute
respiratory syndrome (SARS) [18]. Sus-
ceptibility to the SARS coronavirus has
been associated with changes in the 2'5'-
oligoadenylate synthetase 1 (OASI) and
myxovirus resistance 1 (MxA) genes as
well [19]. All of these genes would be ex-
cellent candidates for an analysis to iden-

tify determinants of severity of disease af-
ter influenza virus infection.

The findings of the study by Albright et
al. [1] raise many complex questions. The
outcome of influenza illness is likely to be
dependent on environmental, nutri-
tional, demographic, immunological, and
(especially) virologic factors. Undoubt-
edly, host factors, including comorbidi-
ties, will also have a bearing on outcome,
and the relative contribution of different
genetic determinants is likely to vary de-
pending on environmental and virologic
contexts. A significant proportion of the
data collected in this study emanates from
the influenza pandemic of 1918, which
occurred in a setting very different from
that of interpandemic cases. In addition,
the use of death certificates imposes sig-
nificant limitations. During the 1918 pan-
demic, anyone dying with respiratory
symptoms was likely to have been given a
code denoting “pneumonia and influ-
enza,” which introduced a potential bias.
One could argue that errors related to cer-
tification of death would be random
rather than systematic and should have
minimal bearing on the results. Nonethe-
less, death certificates are notoriously in-
accurate, and the absence of microbiolog-
ical and/or serologic data is a significant
limitation of this study.

There are also a number of potential
confounding factors in this investigation.
Other heritable factors, such as cardio-
pulmonary conditions or cystic fibrosis
(the most common autosomal recessive
lethal disorder in whites), are possible ex-
amples. Other examples would include
common conditions that have a genetic
component, such as asthma and coronary
artery disease. There is reasonable evi-
dence that the influenza-associated mor-
tality rate is higher for individuals with
established coronary artery disease (than
for those with other chronic conditions)
[20]. Coinfections may also confound the
data, and the contribution of coinfect-
ing pathogens to mortality cannot be
excluded, bearing in mind that genetic
susceptibility to such organisms as the
pneumococcus has been proposed [21].

Environmental and geographic factors,
such as socioeconomic variables and
environmental and occupational (e.g.,
mining) exposures, may also cluster in
families, and such factors as poverty, mal-
nutrition, and overcrowding may span
generations. In addition, access to health
care may have been limited for certain
families in remote settings, thus contrib-
uting to the lethality of influenza virus in-
fection, particularly in individuals at the
extremes of age.

The implications of this study by Al-
bright et al. [1] are that heritable factors
for severe influenza illness may well exist
and that elucidation of these factors
remains a challenge. Identification and
characterization of genetic determinants
of the outcome of infection with influenza
virus would lead to further insight into
the pathophysiology of the virus and its
immune evasion strategies. One would
hope that this insight would translate into
identification of prognostic factors and
improved management of individuals at
risk for adverse outcomes after influenza
virus infection. Identification of genetic
determinants of outcome after influenza
virus infection would require a substan-
tial number of severe cases of influenza
(in which severity of illness is not the re-
sult of other factors, such as underlying
cardiovascular disease) to gain sufficient
power and produce interpretable data.
Resources stemming from the sequencing
of the human genome are now available
and render this challenging task more fea-
sible. Such approaches as the genome-
wide and candidate gene study designs are
reviewed by Burgner et al. elsewhere [22].
The latter approach may be more feasible,
given the growing knowledge regarding
IFN antagonism and immune evasion by
influenza viruses. One must bear in mind
that findings may not apply across all host
or virus populations. In the event of a
pandemic, however, early identification
of and intervention for individuals at
higher risk for severe illness and death re-
sulting from influenza due to a predispos-
ing genetic determinant would be invalu-
able.
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